Abstracts : The cell toxicity, hemolytic and clastogenic activity were examined in various kinds of asbestos and some asbestos substitues with reference to the their mineralogical and physicochemical characteristics. There were thirty-five fibrous and non-fibrous samples including UICC chrysotile, size-selected samples of UICC chrysotile, chrysotile altered by heating and grinding, Yamabe (Japan) chrysotile with long and short fibers, Coalinga (U.S.
The sample preparation methods, keyed to the numbers for each mineral in Table 1 , were as follows : These samples were analyzed by X-ray diffraction, electron microscopy, thermal, chemical, and surface charge analysis. Some characteristics of each sample were as follows (Further details will appeare elsewhere.) : [1] Chrysotile UICC 
Chromosomal aberrations and induction of polyploidy
UICC chrysotile, crocidolite and amosite induced structural chromosomal aberration and polyploidy. As shown in Table 4 , chrysotile was the most clastogenic, followed by crocidolite and amosite. The polyploidy occurred frequently in the amosite sample, whereas the structural chromosomal aberrations were mainly chromatid gaps. The aberrations in the cultures treated with chrysotile-UICC-B included gaps, chromosome and chromatid breaks, chromatid exchanges, dicentrics and polyploidy.
Upon treatment of the cultures with size-selected chrysotile-UICC-B, the longresidue fractions (UICC-B-R) had the highest clastogenicity followed by the middle-fiber fraction (UICC-B-#200) and the short-fractions (UICC-B-# 635) (Table 5 ). Table 5 shows that long-residue fraction induced high levels of polyploidy and structural chromosome aberrations. The aberrations in the cultures treated with the long-residue fraction included gaps, chromatid breaks, dicentrics and chromatid exchanges. Those and cultured cells showed almost the same tendencies. However, it seems difficult to infer the fibrogenicity and carcinogenicity of asbestos directly from their cellular effects. In 1978, Chamberlain and Brown14) referring to data of Wagner') who conducted tumorigenicity experiment of the mineral dusts, found that there is aqualitative relationship between the tumorigenicity and in vitro cytotoxicity of fibrous minerals. That is, the activity of fibrous dust in reducing the colonyforming efficiency of V79-4 cells was related to the tumorigenic potential of the dusts.
Therefore, using the same method, we tested the amounts of dust necessary for inhibiting the colony-forming efficiency of Chinese hamster lung cells (CHL cell line) by 50%.
Chrysotile and crocidolite asbestos have been reported to induce chromosome aberrations in Syrian hamster embryo cells15,16) and Chinese hamster ovary cells,17,18) V79-4 cells,19) human mesothelial cells,20) and rat pleural mesothelial cells.21) However, there has been no comparative study on the clastogenicity of asbestos with short fibers vs long fibers, originating from the same sample. In thisstudy we obtained samples having different fiber size distributions originating fromthe same sources. To obtain a chrysotile sample with short fibers, we had not ground a long fiber sample with a ball-mill or an agate mortar.
The short-chrysotile fibers were separated from the original (UICC) sample by aerodynamically"), or collected from the same geological environment in a mine (Yamabe, Hokkaido, Japan), where also producing long chrysotile fibers. ,Therefore, the crystal structure, especially the surface property of the short fibers was considered to be unchanged or to be equivalent with the long fiber sample.
It is significant that the cytotoxicity, clastogenic and hemolytic activities of the short-fiber chrysotiles, such as the short-fiber fraction of the size-selected UICC chrysotile or the short-fiber Yamabe chrysotile, were weaker than those of the middle-fiber and long-residue-fiber fractions of the size-selected UICC chrysotile and Yamabe chrysotile with long fibers. And in particular both the polyploidy and structual chromosmal aberrations induced by the long-fiber chrysotile were moremarked than those induced by the short-fiber chrysotile. That is, dicentrics, chromatid exchanges and chromosome breaks were induced by the long-fiber chrysotile, whereas the short-fiber chrysotile induced mostly chromatid gaps.
There have been two reports of reduced cytotoxicity in the macrophages23) and V-79 cells14) as a result of grinding asbestos. Also, it has been reported that the clastogenic activity of ground crocidolite in CHO-K 1 cells17)18) was reduced in comparison with the original crocidolite. In our study, the crystal structure of chrysotile disappeared with increasing grinding time, and the cytotoxicity and the clastogenic and hemolytic effects were reduced.
A ball milling was also not used in this study to obtain short fibers of asbestos substitutes. Glass fibers were crushed using an oil pressure apparatus and their fiber shapes were kept as shown in Fig. l-d 
